OBJECTIVES: Although wedge resection is the most common surgical procedure for pulmonary metastases from colorectal cancer, there are few reports about segmentectomy for colorectal metastasectomy.
INTRODUCTION
Pulmonary metastasectomy is generally considered for selected patients with pulmonary-limited metastases from colorectal cancers [1] . However, although there is a prospective study of demography and clinical characteristics [2] , there have not been any randomized studies validating the survival benefit of pulmonary metastasectomy [3] [4] [5] [6] . The 5-year overall survival rates have been reported to range from 27% to 68% [7] [8] [9] . Prognostic factors include the site of the primary tumour, R0 resection, disease-free interval (DFI), serum carcinoembryonic antigen (CEA) level, metastasis number, metastasis size and lymph node metastasis [8, 9] .
Wedge resection is considered to be an adequate procedure for pulmonary metastases, and it is the most common procedure used for excision because of the following reasons: (i) as pulmonary metastases from colorectal cancers can occur at multiple locations metachronously, preservation of pulmonary function is required for a chance to undergo repeated pulmonary resections [10, 11] ; and (ii) the role of lymph node dissection in metastasectomy is unknown [12] [13] [14] . However, a major problem with wedge resection is the risk of local recurrence, especially recurrence at the resection margin [15, 16] .
Segmentectomy is generally indicated for multiple, centrally located or metastatic tumours too large for successful wedge resection. Although lobectomy reduces the pulmonary function, segmentectomy can obtain an adequate surgical margin without deteriorating pulmonary function. To date, it is unclear which procedure, wedge resection or segmentectomy, provides better outcomes after pulmonary metastasectomy. Therefore, there is a need to compare the surgical outcomes of wedge resection with those of segmentectomy. The objective of this study was to investigate (i) the survival rates of patients undergoing each type of surgical procedure for pulmonary metastases from colorectal cancer and (ii) the recurrence in patients who underwent either segmentectomy or wedge resection.
PATIENTS AND METHODS
The ethics committees of all the institutions participating in this study approved the study design and waived the need for informed consent from the patients, because the data on the patients remained anonymous.
This was a retrospective study and subset analysis based on Japanese nationwide retrospective study of resected pulmonary metastases from colorectal cancer from 46 institutions. Between January 2004 and December 2008, patients with pulmonary metastasis who underwent a first surgical procedure for pulmonary metastases were registered. Inclusion criteria of this study were as follows: first pulmonary metastasectomy from colorectal cancer, metastasectomy performed for curative intent, pathologically complete resection of pulmonary metastasis (R0) resulting in disease-free status and pathological diagnosis of pulmonary colorectal cancer metastasis.
The following parameters were collected from the participating institutions: The DFI was calculated from the date of initial treatment for the primary tumour to the date of first detection of pulmonary metastasis. Recurrence sites after pulmonary metastasectomy were divided into the following three categories: intrathoracic (lung, intrathoracic lymph node and resection margin), extrathoracic and both. Resection-margin recurrence was defined as a recurrence developing in staple lines. Recurrence and the data for mortality were provided by each institution.
In total, 1237 patients who underwent metastasectomy for pulmonary metastases from colorectal cancer at the participating 46 institutions were registered. Those with inadequate information about perioperative chemotherapy (n = 119), non-R0 resection (n = 116), inadequate information about postoperative follow-up (n = 47), surgery during an ineligible period (n = 34), a history of malignancies other than colorectal cancer (n = 12), non-first metastasectomy (n = 5) or other reasons (n = 6) were excluded. After exclusion, 898 patients were eligible. For this subset analysis, patients who received preoperative chemotherapy (n = 113), patients with insufficient data (n = 19) and patients with lobectomy (n = 213) were excluded. A total of 553 patients (44.7% of the database) who underwent segmentectomy (n = 98) and wedge resection (n = 455) were selected for this exploratory analysis. There was no predetermined protocol for pulmonary metastasectomy; the surgical indications, procedures, approaches and diagnosis of recurrence were determined at the discretion of each institution.
Statistical analysis
The chi-square test was used to evaluate the association between categorical variables and surgical procedures. The unpaired t-test was used to compare continuous variables between surgical procedures. Overall and recurrence-free survival were estimated using the Kaplan-Meier method. Overall survival was measured from the date of pulmonary metastasectomy to the date of death from any cause, or censored at the date of the patient's last hospital visit. Recurrence-free survival was measured from the date of pulmonary metastasectomy to the date of detection of recurrence. The date of the patient's last hospital visit was a censoring time if relapse is not observed. Univariable and multivariable Cox proportional-hazards regression analysis was used to identify prognostic factors for overall and recurrence-free survival. In univariable and multivariable analysis, patients were classified according to the following categories based on median values: age > _ 66 and <66 years, tumour size < 15 and > _15 mm, and DFI < 18 and > _18 months. To control potential differences in the characteristics of patients treated with these two surgical procedures, we tried the propensity score matching, but a few factors (tumour location and pulmonary functions) essential for selection of the surgical procedure were lacking, and therefore we could not use the matching method in this study. Data were analysed using JMP software, version 11.0 (SAS Institute Inc., Cary, NC, USA). A P-value of <0.05 was considered statistically significant.
RESULTS

Characteristics of patients
The median age at the time of pulmonary resection was 66 years (range, 29-89). Of the 553 patients, 314 (56.8%) were male. The primary site was the rectum in 297 (53.7%), colon in 251 (45.4%) and both sites in 5 (0.9%) patients. The median DFI was 18 months (range, 0-190 months). The performance status of 509 (92.0%) patients was 0. Unilateral surgery was performed for 486 (87.9%) and bilateral for 67 (12.1%) patients. Based on the CEA reference values of each patient's institution, a high preoperative serum CEA level was found in 178 (32.2%) patients. The median number of resected metastatic tumours was 1 (range, [1] [2] [3] [4] [5] [6] [7] [8] . The median size of resected metastases was 15 mm (range, 5-51 mm). There were extrathoracic metastatic lesions in 139 (25.1%) patients. Adjuvant chemotherapy was administered to 265 (47.9%) patients. Table 1 summarizes the characteristics of patients according to surgical procedure. Although the tumour size of segmentectomy cases was significantly larger than that of wedge resection cases, other characteristics of patients undergoing either procedure were not significantly different.
Postoperative complications
Postoperative complications developed in 36 (6.5%) of 553 patients, and the frequency of complications was significantly higher for those who underwent segmentectomy (Table 2 , P = 0.001). Prolonged air leak developed at a significantly higher rate in those undergoing segmentectomy (P = 0.048). There were no deaths within 30 days of surgery, and 2 (0.4%) deaths occurred within 90 days.
Survival and recurrence
The Kaplan-Meier estimate of the median length of follow-up was 5.4 years (95% confidence interval, 5.2-5.6 years). Onehundred and sixty-three patients (30.2%) died. The 5-year overall survival was 70.5%. Figure 1 shows the Kaplan-Meier curve for overall survival according to the surgical procedure; the 5-year overall survival of patients undergoing segmentectomy was 80.1%, and that of patients undergoing wedge resection was 68.5%. Multivariable analysis revealed age, DFI, CEA level and extrathoracic lesions as the prognostic factors for overall survival ( Table 3) .
The mode of recurrence is shown in Table 4 . The overall recurrences developed in 325 patients (63.7%). The recurrences were more frequently seen in patients undergoing wedge resection than segmentectomy (61.8% vs 44.9%, P = 0.003). Among patients developing intrathoracic recurrences, resection-margin recurrences were more frequent in wedge resection than in segmentectomy (7.3% vs 2.0%, P = 0.035).
The 5-year recurrence-free survival was 38.2%. The 5-year recurrence-free survival of patients undergoing segmentectomy was 48.8%, and that of patients undergoing wedge resection was 36.0% (Fig. 2) . Multivariable analysis showed that DFI, CEA level and surgical procedure (wedge or segmental resection) were significant factors for recurrence-free survival (Table 5) .
DISCUSSION
As developments in diagnostic modality, surgical procedures and systemic therapy over the past two decades have greatly improved the outcomes of metastatic colorectal cancer patients, we believe that it is important to reevaluate the efficacy of surgery for colorectal pulmonary metastasis. Our group performed a retrospective multi-institutional study to assess the outcomes of patients undergoing pulmonary metastasectomy for colorectal pulmonary metastasis during this new era. Our database has been established to survey the outcomes of pulmonary metastases from colorectal cancer after the introduction of chemotherapy with oxaliplatin to Japan. The study subjects were the patients who underwent R0 pulmonary metastasectomy from colorectal cancers. Because our database is not a national registry but an academic database [17] , it could not avoid a patient selection bias. The 5-year survival rates of patients undergoing surgery for colorectal pulmonary metastasis were previously reported to be about 50% [7] [8] [9] . Our study found a higher 5-year survival rate after pulmonary metastasectomy. The better outcome of our study might be linked with a highly selected patient population based on better imaging and effective chemotherapy. Wedge resection has been the most common procedure for pulmonary colorectal metastases, whereas segmentectomy has been less frequently performed. Several studies have reported proportions of segmentectomy performed for colorectal pulmonary metastasis ranging from 2% to 20% [18] [19] [20] [21] [22] . In this study, 98 of 553 patients (17.7%) underwent segmentectomy. To the best of our knowledge, ours is the largest study of segmentectomy for colorectal pulmonary metastasis. Although the tumours were larger in the patients who underwent segmentectomy, multivariable analysis revealed that recurrence-free survival was significantly longer in patients who underwent segmentectomy. Moreover, lymph node evaluation was performed in 72 of 98 (73.5%) segmentectomies and 25 of 455 (5.5%) wedge resections. Possible explanation for long recurrence-free survival in segmentectomy was sufficient surgical margins and lymph node evaluation. However, there might be other unknown confounding factors affecting the outcomes after surgery. Previous studies have reported that the rates of a resectionmargin recurrence after pulmonary metastasectomy were 9% [15] and 28% [16] . Because segmentectomy can provide adequate resection margins, we predicted a lower rate of resection-margin recurrence after segmentectomy than after wedge resection, and found respective recurrence rates of 2% and 7.3%. Aerogenous spread of floating clusters of cancer cells in pathological findings was reported to be associated with local recurrence at the resection site [16] . The importance of accurate intraoperative cytology for preventing local recurrence has been reported [15, 23] . Higashiyama et al. [24] recommended clear surgical margins of 10 or 20 mm if possible. Pathological findings indicate that both small and large metastases require clear 3-mm and 8-to 10-mm margins, respectively, to prevent local recurrence [25] . Unfortunately, our database did not record details on the surgical approach, pathological findings and the extent of the surgical margins. Whether or not local recurrence affects survival has not been sufficiently investigated. As the type of surgical procedure appears to affect rates of resection-margin recurrence, every possible effort for preventing resection-margin recurrence should be made. Especially in cases with a centrally located tumour, or when an adequate surgical margin cannot be obtained by wedge resection, segmentectomy should be carried out without hesitation.
Although the rate of postoperative complications among the patients who underwent segmentectomy was higher than among the patients who underwent wedge resection, there were no fatal complications, and the rates of postsegmentectomy pneumonia and prolonged air leak were low, approximately 5%. These results indicate that segmentectomy for pulmonary metastasis is acceptable enough in the safety issues. This study has limitations. Firstly, this study was a subset analysis, and we did not collect the detail surgical and pathological findings. This is a great limitation of the study. Secondly, segmentectomy was performed at the discretion of each institution considering several factors such as location, size and number of metastases, and we could not capture the criteria used to decide upon a wedge resection or segmentectomy; thus, the characteristics of the two groups of patients studied were different. We could not apply propensity-score matching, because these important factors for matching were lacking in our database. Moreover, there is a remarkable numerical difference between segmentectomy cases (n = 98) and wedge resection cases (n = 455). It makes the statistical analysis rather unreliable. Thirdly, the methods of follow-up were based on the discretion of each institution, and there were no specified diagnostic criteria for recurrence. Fourthly, although we assume that an anatomic segmentectomy was performed, we could not evaluate the technical aspects in each case. From these points of view, our results should be cautiously interpreted.
In conclusion, although wedge resection is a widely accepted surgical procedure for pulmonary metastases from colorectal cancer, recurrence especially at the resection-margin was more frequent than segmentectomy. However, it remains an open question whether this difference of recurrence rates affects survival outcomes. Because a randomized study of segmentectomy versus wedge resection would be hard to perform, a well-planed and high-quality prospective observational study should be considered, including many factors essential for selection of surgical procedures.
